INTRODUCTION
A number of electron microscope studies (1) (2) (3) (4) (5) have attempted to correlate the fine structural organization of various rat hepatomata with their different degrees of malignancy and growth rates. In general, an inverse relationship was noted between the state of ultrastructural differentiation of the tumors and their malignancy, although this was not invariably so (6) . While various aspects of dedifferentiation have been considered, the possibility of redifferentiation or ultrastructural metaplasia has received little attention. It is the purpose of this paper to describe the fine structure of some trabecular hepatomata of the rat, induced by 2-acetylaminofluorene, and to report the occurrence of some unusual modifications of the glycogen stores and cell surfaces. The occurrence of membrane-glycogen structures in these tumors has been reported previously (7) .
MATERIALS AND METHODS
Male rats of the Leeds strain were fed a diet which contained 0.05% by weight of the hepatocarcinogen, 2-acetylaminofluorene (2-AAF) for 8-10 months. They were then returned to a standard, carcinogenfree diet and were sacrificed at intervals, from 2 to 6 months after the end of 2-AAF feeding. At autopsy, samples were taken from each hepatic tumor and processed for electron microscopy as well as for histoPhotomicrograph of normal rat liver. X 1,600.
Photomicrograph of trabecular rat hepatoma. X 1,600. (11) . Thin sections were cut with Ge-Fe-Ri diamond knives on a Sorvall MT1 PorterBlum ultramicrotome, stained with lead tartrate (12) , and examined in an RCA EMU-3G electron microscope at 100 kv. Semithin sections (0.5 in thickness) of Eponembedded tumor and normal hepatic tissues were stained with methylene blue and examined by light microscopy for facilitation of orientation of the material studied by electron microscopy. Photomicrographs of normal rat liver and of a trabecular hepatoma are shown in Fig. 1 a and I b, respectively.
The tumors selected for the present report consisted of six well-differentiated, trabecular hepatomata showing histological evidence of being mildly invasive in character.
OBSERVATIONS
The cytoplasm of the trabecular hepatoma cells (Fig. 1 ) contained small amounts of glycogen, both in fairly well-defined glycogen areas and associated with the agranular endoplasmic reticulum (Fig. 2) . The glycogen was almost invariably present in the form of small, discrete rosettes; the large, rosette-like aggregates of glycogen which are typical of normal hepatocytes were rarely found.
The morphology and distribution of the agranular endoplasmic reticulum and of the microbodies were similar to those of the corresponding organelles in the normal rat hepatic cell. The granular endoplasmic reticulum showed some tendency to form parallel arrays (Fig. I c) , but more typically, the cisternal profiles traced smoothly curving paths within the cytoplasm and around the mitochondria and microbodies. Its quantity was reduced relative to that found in normal hepatocytes, but it bore abundant, attached ribosomes arranged for the most part in spirals and rosettes. At times, the granular endoplasmic reticulum lost its attached ribosomes and formed concentric membranous arrays associated with glycogen. These structures have been described and discussed previously (7) .
Abundant, free ribosomes were observed in the cytoplasm as single particles as well as "polysomal aggregates," sometimes imparting to it a coarsely granular appearance. In some fields single, free ribosomes were not readily distinguishable from the small glycogen particles.
The mitochondrial population was extremely variable with respect to the size and morphology of individual mitochondria. Their diameter was generally smaller than that of normal rat hepatocyte mitochondria, and they usually contained relatively few dense, intramitochondrial granules. The matrix of some mitochondria contained longitudinally disposed bundles of narrow, rodlike structures. Many of the mitochondria possessed only small numbers of cristae. Some appeared to have no cristae at all and, in addition, showed partial or total loss of the inner mitochondrial membrane (Fig. 3) . Observations were also made of mitochondria which possessed cristae that were continuous with the inner mitochondrial membrane at both sides. A sharp constriction was often present in these mitochondria at the points of attachment of the transverse cristae.
The Golgi zones were moderately abundant in the tumor cells; however, they were rather small and contained relatively few granules. They were frequently displaced from their peripheral location in the cytoplasm. Few lysosomes were observed, but large, autophagic vacuoles or cytolysomes, containing partially degraded cytoplasmic components including mitochondria (Fig. 2) , were comparatively common. A few membrane-limited cytoplasmic vacuoles were also observed, apparently devoid of contents except for some membranous material (Fig. I c) .
Tumor cell nuclei were variable in size and generally circular in outline, and bore abundant ribosomes attached to the cytoplasmic aspects of their membranes. They contained well-defined nucleoli having a reticular appearance (Fig. 1 c) which were usually hypertrophied (Fig. 1 b) . Small, lipid inclusions were often present in the nucleoplasm.
Lipid was also found, generally in small quantities, in the cytoplasm of the hepatoma cells, although a few cells contained some very large lipid inclusions. This lipid, as well as that found in the nuclei, exhibited an unusually low degree of osmiophilia.
The relatively anaplastic histological appearance of the trabecular hepatomata was reflected in electron micrographs by the irregularity of the cell surfaces and the variability of the morphological relations between adjacent tumor cells. The intercellular spaces were either narrow, showing des- (Fig. 2) . The cell surface bordering on these spaces bore varying numbers of microvilli. Bile canaliculi of normal hepatic structure were almost entirely absent, and those structures which had replaced them were associated with local modifications of the cell surfaces. These consisted of invaginations into the tumor cell cytoplasm which formed narrow, cytoplasmic tubules ( Fig. 4 and 5) . The fine structural appearance of the tubules was dependent on the plane of sectioning; some took the form of blind-ending tubules, whereas others were circular in outline. The relatively frequent occurrence of the latter suggested that the tubules were rather tortuous. The tubules appeared to originate at the cell surfaces ( 
DISCUSSION
The fine structure of the hepatoma cells bore some resemblance to that of normal hepatic cells, as evidenced by the presence of microbodies, glycogen stores, similar amounts of agranular endoplasmic reticulum, and some parallel arrays of the granular endoplasmic reticulum. However, the comparative scarcity of the latter, noted previously in transplantable hepatomata (1) (2) (3) (4) (5) , together with the relatively atrophic appearance of the individual Golgi zones, suggests that the tumor cells may have possessed a reduced capacity to synthesize those proteins which are destined for extracellular distribution (13) . As such, this appearance would represent a degree of ultrastructural and functional dedifferentiation in the cells of these trabecular hepatomata. It may also explain the relative lack of lysosomes or residual dense bodies of the type that are found in hepatic cells, since lysosomal enzymes are also thought to be synthesized by the endoplasmic reticulum-Golgi system (13) . The common occurrence of very large, autophagic vacuoles might be due to a partial deficiency of lysosomal enzymes and thus a delay in the breakdown of their contents and the consequent appearance of typical, residual bodies (14) . However, the abundance of free ribosomes in the tumor cell cytoplasm is probably indicative of an increased rate of synthesis of cellular proteins and is common to many hepatomata (5), as is the apparently (13) associated, nucleolar hypertrophy (1, 15) .
Intranuclear lipid inclusions have been observed in other hepatomata (16) , but their significance is unknown. Many hepatomata possess mitochondria of abnormally variable size (1) (2) (3) (4) (5) , and degenerate forms of mitochondria lacking cristae and inner membranes have also been described previously (5). Lafontaine and Allard (17) have described constricted types of mitochondria with transverse cristae, similar to those observed in the present study, and have considered that they were probably in the process of dividing. Mitochondrial remains were frequently observed within the autophagic vacuoles of the tumor cells. It seems probable, therefore, that the rate of turnover of the mitochondrial population may have been abnormally rapid in these tumors.
The ultrastructure of the glycogen was unusual, since such a lack of aggregation of glycogen apparently has not been described previously in either normal or pathological hepatic cells or in the cells of hepatic tumors, although glycogen depletion is common and nonspecific (18) . It seems unlikely, therefore, that the abnormal glycogen structure encountered here represents a simple degenerative change. Possibly it may reflect some metabolic alteration in the tumor cells.
Most of the striking changes were observed at 236 BRIE E F N T E S the cell surfaces. Apart from the loss of normal contact between cells, a condition related to the disorganized growth of the tumor, there was the frequent presence of a well-developed system of tortuous, tubular, cytoplasmic invaginations. These tubules, which apparently arose near the biliary poles of the tumor cells, represented a substantial increase in cell surface area. Similar structures, although in much smaller numbers, have been observed in the hepatocytes of Leeds rats during 2-AAF treatment (Unpublished observations.), but their functional significance is unknown. However, their morphology bears some resemblance to that of the tubular invaginations found at the secretory poles of gastric parietal cells (19, 20) . It is possible, therefore, that the presence of these structures in hepatoma cells may represent an unusual example of ultrastructural redifferentiation or metaplasia, especially when one considers that both hepatocytes and gastric parietal cells share a common origin from the foregut of the embryo (21) . In its fine structural appearance the smaller species of tubule described here resembles that of the structures described as smooth cisternae by previous workers (5) and may, therefore, be identical with the latter. The larger tubules, however, apparently have not been described previously; they bear no resemblance to the larger and more irregular outpouchings of the bile canalicular lumen which have been observed in the livers of animals treated with various drugs (22, 23) .
SUMMARY
Many of the ultrastructural features of the hepatoma cells may be ascribed to loss of differentiation or to degenerative changes. However, this dedifferentiation does not adequately explain the cells' acquisition of an unusual form of glycogen and unusual tubular surface structures. These changes may represent a process of redifferentiation.
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